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To measure the removal of the organic additive using FT-IR spectroscopy, zeolite ZSM-5 crystals with Si/Al = 45 was synthesized followed the literature. [2] The starting mixtures were formed using the following procedures: Al 2 (SO 4 O . After the addition was completed, the gel was stirred for at least 30 min to get a homogenous gel, and then the gel was transferred to a stainless-steel autoclave and the sealed autoclave was heated statically at 448 K for 24 h.
D. Fabrication of Silicalite-1 Monolayer

a. Pretreatment of the substrate
The substrates were immersed into either H 2 O 2 (30 wt% aqueous solution) or H 2 O for 30 min to the remove surface organics or activate surface charge, respectively. Then the substrates were rinsed with deionized H 2 O, and dried at 333 K prior to seed layer deposition. For comparison, some substrates were used as received.
To change the surface charge of the substrates, an acidic solution was prepared by diluting HCl with water to pH=4.
The substrates with SiO 2 , TiO 2 and ZrO 2 coating layers were immersed in the solution for 30 min followed by 1 min drying under air.
b. Manual assembly of the silicalite-1 monolayer Table S1 . Manual assembly of silicalite-1 monolayer on the substrates with SiO 2 , TiO 2 , ZrO 2 and γ-Al 2 O 3 coating layers after various pretreatment conditions. The highlighted boxes are the conditions that led to continuous monolayer attachment of silicalite-1.
Typically, ca. 30 mg of silicalite-1 crystals were put onto the surface of the substrates followed by pressing and rubbing using a finger. To avoid any contamination of the substrates surface and zeolite crystals with moisture or other pollutants from the finger, a clean soft latex glove was placed tightly on the finger. Subsequently, the loosely attached top layers were removed by gently wiping using glass wool for about 30 s. The monolayers were calcined at 423 K before secondary growth.
E. Detection of Adhesion Strength between Zeolite Crystals and Substrates
To test the adhesion strength between the zeolite crystals and substrates, the silicalite-1 monolayers on γ-Al 2 O 3 coated α-Al 2 O 3 substrates were sonicated in H 2 O for 15 min after calcination at different temperatures of 423 K and 773 K, with a heating and ramping rate of 1.5 K/min, in line with reference [3] . The sonication testing was also conducted only after drying the monolayers at room temperature overnight. 
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Section S2: Characterization
A. Scanning Electron Microscope
The images of the seed layers, films and membranes were examined using a Scanning Electron Microscope (SEM)
from Phenome or XL-30 (Philips) operating at an accelerating voltage of 5 kV. Before measurement, the surface of the materials was coated with a Pt layer of ca. 5 nm to avoid charging effects.
B. X-ray Diffraction
X-ray Diffraction (XRD) was used to confirm the orientation of the as-synthesized zeolite monolayers and films as well as membranes. Diffraction patterns were collected using a Bruker D2 Phaser (2 nd Gen) instrument using a cobalt radiation To examine the surface structure evolution and crystal growth of zeolite crystals with and without additives, i.e. NaF or Na 2 SO 4 , the silicalite-1 monolayer and the zeolite ZSM-5 films after 2 h, 6 h, 12 h, 16 h, 20 h and 24 h growth were measured using AFM after cleaning with copious amounts of water.
For analysis of AFM images, Gwyddion 2.5 software was used. The lateral dimensions of a-axes and c-axes were measured along the edges using the "measure distance" functionality in Gwyddion. Statistics are based on the measurement of at least 50 crystals in each sample.
b. Roughness Parameters
Root mean square roughness (R q ) was used to determine the average surface roughness of all the substrates. The calculation is performed by averaging the measured height deviations taken within the evaluation length and measured from the mean line with the function of
).
D. Zeta Potential Measurements
The Zeta (ζ)-potential of synthesized silicalite-1 crystals, SiO 2 , γ-Al 2 O 3 powers and the α-Al 2 O 3 powders ground from the substrates were measured using a Malvern Zetasizer Nano-Z (Malvern Instruments, Malvern, UK). The measurements were performed by dispersing 1 wt.% of particles in distilled water (Gradient A10 Milli-Q water distiller, Millipore, Billerica, MA). After 15 min of ultrasonication of the suspension, the zeta potential was measured at room temperature 6 times to calculate the average. Approximately 18-23 mg of γ-Al 2 O 3 , SiO 2 , silicalite-1, and their mixtures with silicalite-1 were pressed in to a self-supported wafer and placed into a well-sealed cell with CaF 2 window. The procedure was as follows: the sample was evacuated, heated to 493 K at a rate of 5 K/min, held at 493 K for 1 h, and then the measurement was taken. For CO measurements, the cell was cooled to liquid nitrogen temperature and slowly dosed with CO. The samples were then measured at subsequent pressures.
b. Ethanol loss under vacuum conditions
FT-IR spectra in transmission mode were measured using the same instrument and settings as described previously.
The procedure was as follows: ~ 18 mg of the ethanol-directed zeolite ZSM-5 crystals was pressed into a self-supported wafer and placed in the cell, the sample was evacuated to low pressure (~ 5 × 10 -05 mbar) at room temperature, heated
to 423 K at a rate of 5 K/min, held at 423 K for 20 h, heated to 473 K at a rate of 5 K/min, held at 473 K for 1 h, heated to 673 K at a rate of 5 K/min, and then held at 673 K for 1 h. The measurements were taken periodically.
F. Water permeation measurements
Water permeation measurements were conducted using a Dataphysics OCA 15 optical contact angle measuring setup.
The calcined membranes were places in a glass container and a droplet of Milli-Q water was vertically dispensed on top of the membranes while taking a movie. Frames of the movies where taken to determine the contact angle at various time using OC20 software (Dataphysics). 
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Study of the role of hydroxy groups in the generation of surface charges using various substrates
It is known that -OH groups are responsible for the surface charge formation, and CO adsorption was used to study the properties of the surface OH groups. [4, 5] Figure S4 shows CO IR for silicate-1, SiO 2 sol-gel and γ-Al 2 O 3 powders, and assignments of the peaks are given in and dissociation ability of the -OH groups in these three materials, contributing to positively and negatively charged surfaces (see equations below), respectively, which might play a significant role in the absorption process. [6, 7] Table S3 Peak assignment of the CO IR stretching region. [4, 5] Peak assignment ~ 2137 cm 
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Control experiments to study the effect of surface charge on the silicalite-1 crystal attachment
In order to verify our hypothesis that electrostatic adsorption as a result of surface charges is responsible for the cohesion, we varied the pretreatment conditions, as shown in Figure S7 and Table S1 . As surface charges can be generated by H 2 O via protonation and dissociation processes, instead of using harsh concentrated H 2 O 2 , H 2 O was applied to pretreat the γ-Al 2 O 3 coated substrates and a highly b-oriented silicalite-1 monolayer was observed on the substrates, shown by SEM ( Figure S7a ) and XRD ( Figure S7d) . However, the as-received γ-Al 2 O 3 coated substrates (without any pretreatment) could not attach silicalite-1 after manual assembly ( Figure S7b ), ascribed to the absence of surface charges in the substrates. Furthermore, we pretreated the SiO 2 coated substrates, that could not adhere silicalite-1 crystals after H 2 O 2 pretreatment (Figure 1b) , in a pH= 4 HCl solution to lead to a positive surface charge (Table 1) , and subsequent manual assembly of silicalite-1 crystals led to the formation of a highly oriented silicalite-1 monolayer (Figures S7c and   S7d ). [8, 9] Additionally, the strength of the crystal attachment on the substrates was tested because any detachment during the secondary growth will generate large defects that could compromise the performance of the membrane. As shown in Figure S8 , the fabricated monolayer is robust and no apparent surface voids are observed after 15 min of sonication. It is important to point out that the monolayer was also preserved after the sonication without a calcination step, which is believed to be necessary to achieve robust attachment by causing a condensation reaction between the crystal's and substrates' -OH groups. [3] 
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Study to extend the developed methodology to various materials Table S4 ζ-potential of the TiO 2 and ZrO 2 powders in aqueous conditions. a 1 wt% of crystals were dispersed in deionized water to maintain a clear solution for zeta potential measurement. b The ζ-potential of the powders dispersed in HCl aqueous solution with pH= 4 could not be obtained because the value of ζ-potential is unstable. substrates. Note that ♦ shows the peaks from the substrates. The results show that there is no crack formation in any of the membranes after complete removal of ethanol at 423 K under vacuum overnight.
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